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(54) Process for the preparation of shaped articles based on acrylic polymers coated with an 
antiscratch and antiabrasion film 

(57) The invention refers to a process to render 
antiscratch and antiabrasion shaped articles based on 
thermoplastic acrylic polymers consisting in coating the 
article by a composition comprising 

(A) 55-95% by weight of at least a (meth)acrylic 
monomer and/or oligomer having at least two double 
bonds; 

(B) 5-25% by weight of monomers and/or oligomers 
of divinylethers and/or epoxides 

(C) 0-20% by weight of monomers and/or oligomers 
containing polar groups of monofunctional 
(meth)acrylaytes and/or monovinylethers. when (A) 
or (B) do not contain polar groups, and comprising 
a mixed system of photoinitiators of radical and cat- 
ionic type, then in submitting the coated article to 
U.V. irradiation, at temperatures of 30-70^C to 
polymerize and crosslink the coating in situ. 
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Description 

The present invention relates to a process to render 
anti-scratch and abrasion-resistant the surface of 
shaped articles, plates and films based on thermoplastic 
acrylic polymers by coating with a mixture comprising 

a) (meth)acrylic monomers and/or oligomers having 
at least two polymerizable double bonds 

b) vinylethers or epoxy monomers and/or oligomers 
and 

c) cationic photoinitiators in combinatbn with radi- 
calic photoinitiators, 

which is subsequently polymerized and crosslinked in 
situ by UV radiation. 

The invention relates, moreover, to antiscratch and 
abrasion-resistant shaped articles obtained by the afore- 
said process. 

It is known that one of the problems met in the use 
of plates and films, in particular the transparent ones, 
based on thermoplastic acrylic polymers, such as, for 
instance polymethylmethacrylate (PMMA), is due to their 
easy scratching and abrasion with consequent decrease 
of their transparence and decay of the surface aspect. 

The art has suggested various surface treatments 
of plates and shaped articles of thermoplastic polymers, 
among which acrylic polymers, in order to avoid the 
aforesaid inconvenience. 

Such treatments generally comprise the application 
on the article or on the thermoplastic plate (substrate) of 
a layer of monomers, generally acrylic, which was polym- 
erized and crosslinked in situ by heating at high temper- 
atures, from 80*C to the Tg of the substrate, in the 
presence of radical polymerization initiators. 

A polymerized and crosslinked coating of sufficient 
hardness improving the abrasbn resistance of the ther- 
moplastic article was obtained in this way. 

However such treatments were not free from incon- 
veniences, as they had to be carried out in oxygen-free 
environment, in particular under an inert atmosphere 
(nitrogen) in order to avoid inhibition due to oxygen on 
the polymerization and crosslinking carried out at high 
temperatures and degradation of the polymeric sub- 
strate with fbrmatk>n, besides, of undesired yellowish 
coloring. Moreover, the so obtained coatings did not 
always show a good adhesion to the sutsstrate and a 
good transparence. 

It resulted therefore difficult and complex to canry out 
said treatments in absence of oxygen, in particular in 
industrial plants for the continuous manufacture of plates 
and films of thermoplastic polymers. 

There were moreover suggested treatments 
wherein the monomeric layer applied on the polymeric 
substrate was polymerized and crosslinked by using UV 
rays in the presence of photoinitiators. which could be 
carried out in room conditions, i.e. in the presence of air 
and at relatively low temperatures, such as not to affect 
the dimensional stability of the polymeric substrate, as 



well its mechanical, aspect and transparence properties, 
or. anyway, to avoid degradation thereof. 

A process of this kind is described in Italian patent 
application M194/A001014, in the name of the Applicant. 
5 wherein polymethylmethacrylate (PMMA) articles and 
plates are coated with a monomeric composition com- 
prising 

a) (meth)acrylic monomers and/or oligomers having at 

least two polymerizable double bonds, b) (meth)acrylic 
10 monomers and/or oligomers containing polar groups and 

c) a radical photoinitiator and wherein said composition 

is subsequently polymerized and crosslinked in situ at 

UV light, at temperatures of 20°-65*C. 

However such a process in not free from inconven- 
75 iences due to the formation of crazes in the coating film 

that can also cause the subsequent breaking of the film 

itself. 

In particular these phenomena occur especially 
when the formulation is spray applied on surfaces having 

20 a complex structure and for relatively high thicknesses 
of about 20-30 ^.m. 

On the line of such a process it has now further and 
unexpectedly found tiiat it is possible to avoid the forma- 
tion of crazes in the antiscratch and antiabrasion coating 

25 film by using in the coating composition, besides 
(meth)acrytic monomers and/or oligomers having at 
least two polymerizable dout)le tx>nds and containing 
polar groups, also monomers and/oligomers of divi- 
nylethers and/or epoxides and by using an hybrid system 

30 of UV photoinitiators comprising kx>th radicalic and cati- 
onic photoinitiators. 

By this improved process. olDject of the present 
invention, articles of acrylic polymers are obtained which 
are coated with a film showing a good adhesion to tiie 

35 polymeric substrate, having high antiscratch and antia- 
brasion properties. wNch does not show crazes and 
lasts in time without its possible breaking occurs. 

Moreover, acrylic articles, in particular the transpar- 
ent ones such as PMMA. coated according to the present 

40 invention, subtantially maintain unchanged their 
mechanical properties and their ti^ansparence without 
unwished yellowish coloring occurs. 

Object of the present invention is therefore a process 
for preparing shaped articles, plates and films based on 

45 acrylic ;hernnoplastic polymers, coated with an 
antiscratch and abrasion-resistant film, consisting in 
applying on the surface of said article an homogeneous 
layer of a mixture comprising: 



so 



55 



(A) from 55 to 95% by weight of at least a 
(meth)acrylic monomer and/or oligomer having at 
least two polymerizable double bonds. 
B) from 5 to 25% by weight of monomers and/or oli- 
gomers of divinylethers and/or epoxkies. 

(C) from 0 to 20% by weight of nrxjnofunctional 
(meth)acrylic monomers and/or oligomers and/or 
monovinylethers, containing at least a polar group, 

(D) from 0.5 to 6 parts by weight for 100 parts of 
(A)+(B)+(C) of a radicalic photoinitiator. 
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(E) from 0.1 to 3 parts by weight per 100 parts of 
(A)+(B)+(C) of a cationic photoinitiator. 

(F) from 0 to 8 parts by weight per 100 parts of 
(A)+(B)+(C) of colloidal silica or hydrophilic colloidal 
metal oxides, 

with the proviso that the sum of the amounts (A)+(B)+(C) 
is 100. and that when the component (A) or component 

(B) does not contain at least a polar group the component 

(C) is always present, and in submitting the article so 
coated to UV radiation at tenperatures from 30** to 70**C. 

As acrylic polymers forming the shaped article to be 
coated one can use for Instance (co)polymers, generally 
transparent, of C1-C4 alkyi esters of (meth)acrylic acid, 
in particular polymethylmethacrylate (PMMA), transpar- 
ent alloys of said (co)polymers with polyvinylchloride or 
polyvinylidenefluorlde, and shock resistant polymethyl- 
methacrylate containing in dispersed phase acrylic elas- 
tomers. 

Monomers and/or oligomers of polyfunctional 
(meth)acrylates. for instance of glycols, polyols, poly- 
ethoxylated polyols and of aliphatic ur ethanes can be uti- 
lized as components (A). 

Examples of such compounds are poly{meth)acr- 
ylated urethanes obtained by reaction of polyols with iso- 
cyanates and hydroxyethyl(meth)acrylates. 
pentaerythrite triacrylate (PETIA), pentaerythrite tetracr- 
ylate(PETTA).dipentaerythritepentacrylate, 1.6-hexan- 
dio! diacrylate (HDDA), trimethylolpropane triacrylate 
(TMPTA), tripropylene glycoldiacrylate (TPDGA). 

The aliphatic hexacrylate urethane and the pentaer- 
ythrite triacrylate and their mixtures with HDDA, TMPTA. 
TPGDA have proved to be particularly suitable. 

Divinylethers. such as for instance, tri ethyl enegly- 
coldivinylether and 1 ,4-cyclohexane dimethanoldivi- 
nylether and aliphatic epoxides. preferably 
cycloallphatic, monomers or oligomers can be used as 
componertts (B). 

Hydroxyalkyl(meth)acrylates and carboxy- 
alkyl(meth)acrylates, such as, for instance, 2-hydroxye- 
thyl(meth)acrylate. 2-hydroxypropyl(meth)acrylate, 2- 
carisoxyethylacrylate and monovinylethers containing at 
least a carboxyl or hydroxyl group such as for instance 
butandiol monovinylether can be used as components 
(C) containing at least a polar group, preferably hydroxyl 
and/or carboxyL 

The presence of components (C) is not necessary 
when components (A) arKi (B) contain at least a polar 
group, as in the cs|.se component (A) is PETIA containing 
an hydroxyl group, however also in this case they can be 
used at low levels due to their diluent and viscosity reduc- 
ing power for the mixture, especially if used with ure- 
thane-acryiates. 

As components (D) can be used radical polymeriza- 
tion and crosslinking initiators at UV light known in the 
art, such as for instance 2-hydroxy-2-methyl-1-phenyl- 
propan-1-one- (DAROCURE-1173(") of Ciba-Geigy). 1- 
hydroxy-cyclohexylphenyl-ketone (I RGACURE-1 84<^) 
of Ciba-Geigy) and those based on t>en2ophenone such 



as for instance ESACURE KIP 100 E<") of Fratelli Um- 
berti, or their mixtures. 

As components (E) polymerization and crosslinking 
cationic initiators at UV light known in the art can be 

5 used, such as for Instance triarylsulphonlum salts such 
as triarylsulphonium hexafluoroantimonates (UVI-6974- 
CYRACURE("\ Union Carbide) and triarylsulphonium 
hexafluorophosphates (UVI-6990-CYPACURE^«>. 
Union Carbide). 

10 Such cationic photolnitiators are not inhibited by oxy- 
gen and are used in combination with radicalic photoin- 
itiators (D) preferably in a weight ratio (D)/(E) of at least 
2/1 , more preferably 3/1 . 

By using such ratios it is possible to obtain cross- 

75 linking of the coating mixture in an air room with relative 
humidity up to 60%. 

Component (F) is generally used in small amounts, 
preferably of 0.1-1% by weight, as viscosity regulator of 
the coating mixture; to this purpose colloidal silica having 

20 a diameter of the primary particles lower than 20 nanom- 
eters and a pH of 3-4, resulted particularly suitable. 

Small amounts of UV stabilizers and levelling and 
fluidifying agents, such as non ionic surfactants, can also 
be added, before the UV crosslinking. to the coating mlx- 

25 ture. 

The UV stabilizers, in amounts up to 8% by weight, 
serve to protect the polymeric substrate during both 
crosslinking of the coating via UV and after the film for- 
mation. 

30 They are generally consisting of benzotriazols and 
by sterically hindered amines such as. for instance TINU- 
VIN 1 130<"> and TINiVlN 292<"> of Ciba Geigy. 

Non ionic surfactants, in amounts up to 3% by weight 
serve as fluidifying agent, especially if the mixture 

35 (A)+(B)+(C) results of little fluidity, in order to eliminate 
the spreading defects of such mixture and so improve 
tiie aestiietic aspect of the coating film. 

Fluoroaliphatic polymeric esters, such as FC-430^^) 
of 3-M are particularly suitable to this purpose. 

40 Organic solvents are not used in the process. 

The coating mixture, being its viscosity adjustable at 
will by varying the percentage of components 
(A)+(B)+(C), by the use of colloidal silica and/or of fluid- 
ifying non ionic surfactants, can be applied on the sub- 

45 strate with anyone of the methods known in the art, for 
instance by spraying, spreading, so as to form an homo- 
geneous coating layer capat)le of forming, after polym- 
erization and UV crosslinking, a coating film having a 0.5- 
40 ^im thickness, preferably from 5 |Lim to 15 jtm, 

so Films having high thicknesses generally result more 
rigid and less flexible. 

The temperatures at which polymerization and 
crosslinking of the layer of the coating mixture Is carried 
out can vary from 30** to JO'^C, preferably from 40** to 

55 60**C. i.e. far from the PMMA glass transition ( 1 03**C) and 
from the one of transparent materials having a PMMA 
matrix. The used monomers must have a boiling temper- 
ature higher than the PMMA substrate Tg and at least 
60*'C higher than the crosslinking temperature. The film 



3 



RNsnnnin- <fp 0699704Ai i > 



EP0 699 704 A1 



5 

hardening lasts significatively even two days since 
crossiinking by UV radiation has been earned out H one 
is careful to keep the manufactured article in a room with 
relative humidity lower than 55%. 

It is not necessary to operate in anaerobic room, 5 
however it is advisable to operate in a room with relative 
humidity lower than 60%. 

The process according to the present invention can 
be can-ied out continuously, integrated with the prepara- 
tion, lor instance by filming and extrusion, of the support w 
shaped article. 

More particularly the present process can be con- 
tinuously carried out. on a line of extrusion of polymeth- 
ylmethacrylate plates in areas wherein the temperature 
is clearly lower than the Tg of such polymer (103'-1 08**C) is 
and i.e. around a range of tennperatures of 60*-70*C. 

In order to avoid overheating of the plate, due to the 
infrared component of the UV radiation emitted from UV 
lamps commonly used for polymerizing and crossiinking 
the coating, one can utilize UV lamps having a reduced 20 
infrared emission or placing between the UV lamp and 
the plate a filter eliminating most of infrared radiations, 
such as for instance a PYREX^^) glass of a 1 -3 mm thick- 
ness arKd/or utilize a flow of cold gas (air and/or nitrogen) 
to maintain the system within the tenrperature limits indi- 25 
cated above. 

A further object of the present Invention are shaped 
articles, plates and films based on thermoplastic acrylic 
polymers having an antiscratch and abrasion-resistant 
coating, obained by the process of the present invention. 30 

The shaped articles coated according to the process 
of the present invention show high antiscratch and abra- 
sion resistance properties, an optimal adhesion of the 
coating film to the acrylic substrate, maintain unchanged 
their original transparence, their mechanical character- 35 
istics and the coating film does not show crazes which 
can even cause after some time the breaking of the film 
itself. 

In order to verify the effectiveness of both anti- 
scratch and antiabrasion treatment, two distinct methods 40 
have been used, since the two properties are distinguish- 
able. 

To measure the scratch resistance, the hardness 
test has been used with wood pencils according to ASTM 
D 3363. 45 

To measure the abrasion resistance it has been 
adopted the method by falling of powder of silicon car- 
bide on the treated plate and the consequent loss of 
transparency has been measured according to ASTM D 
673. 50 

The adhesion of the film to the support was deter- 
mined by applying on the film an adhesive tape type 61 0 
(3 M) according to ASTM 3359 standard. 

Optical tests have been carried out to verify the 
effectiveness of the antiabrasion and antiscratch paints. 55 

Light transmlttance and turbidity tests have been 
can-led out according to ASTM D 1003. 

The yellow index has been determined according to 
ASTM D 1925. 



Some examples are given for illustrative purposes. 
EXAMPLE 1 

A PMMA plate of a 3 mm thickness was coated by 
spreading with a layer of 10 of a mixture containing 
50 parts by weight of aliphatic hexacrylate urethane (EB 
1290. UCB), 25 parts of 1,6 hexandlol diacrylate 
(HDDA). 15 parts of triethyleneglycol divinyl ether and 
15 parts of pentaerythrlte triacrylate. 

2.5 parts by weight of radicalic photoinitiator (DARO- 
CURE 1 173(">, Ciba Geigy) and 0.8 parts by weight of 
catlonlc photoinitiator (UVI-6990 CYRACURE<^> Union 
Carbide) are added to such solution. 

The formulation was polymerized with a 120 W/cm 
UV lamp at a feeding rate of 2 m/min. The substrate tem- 
perature did not exceed 60°C. The crossllnked film 
showed an optimal adhesion on the PMMA plate. 
Pencil hardness and abrasion tests (mar resistance) 
were carried out two days after the film spreading and 
crossiinking on the PMMA substrate. 
The pencil hardness was 7H (untreated PMMA = HB) 
and an haze of about 5% after the falling of two thousand 
grams of silicon carbide (untreated plate = 1 1 .5). 
The yellow index remained unchanged and the film did 
not show the presence of crazes. 

EXAMPLE 2 

A PMMA plate of a 3 mm thickness was coated by 
spraying with a 10 ixm layer of a mixture containing 60 
parts by weight of trimethylolpropane triacrylate, 25 parts 
by weight of pentaerythrlte triacrylate and 15 parts by 
weight of 1,4 cyclohexane dimethanol divinyl ether. 

2.5 parts by weight of radicalic photoinitiator (DARO- 
CURE 1173^*^) Oba Geigy) and 0.8 parts by weight of 
cationic photoinitiator (UVI-6990 CYRACURE^^) Union 
Carbide) were added to such solution. 

0.2 parts by weight of colloidal silica having an acid 
pH (for instance HDKT 40. Wacker), 0.05 parts by weight 
of fluorinated surfectant (FLtJORAD FC-430-3-M) were 
added always to such solution. 

The formulation was polymerized with the same pro- 
cedure of Exarrple 1. 

The crossllnked film showed an optimal adhesion 
and, after two days from the spraying and from crossiink- 
ing of such film, a pencil resistance of 7 H hardness 
(untreated PMMA hardness = HB). and an haze after the 
falling of two thousand grams of silicon carbide of 4.5% 
(untreated PPMA = 1 1 .5%). 

The yellow index remained unchanged and the film 
did not show the presence of crazes. 

EXAMPLES 

A PMMA plate of a 3 mm thickness was coated by 
spreading with a layer of 10 of a mixture containing 
50% of aliphatic urethane hexacrylate (EB 5129 UCB), 
25% of trimethylol propane triacrylate. 1 0% of 2-hydroxy- 
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ethylmethacrylate and 15% of triethylene glycol divinyl 
ether. 

3 parts by weight of radicalic photoinitiator (DARO- 
CURE 1 1 7Z^^\ Ciba Geigy) and 1 part by weight of cat- 
ionic photoinitiator (UVI-6990 CYPACURE^f^) Union 
Carbide), are added to such solution. 

The formulation was polymerized with the same pro- 
cedure of Example 1. 

The crosslinked film showed an optimal adhesion 
and. after two days from the spreading and from 
crosslinking of such film, a pencil hardness of 6 H hard- 
ness (untreated PMMA = HB), and an haze after the fall- 
ing of two thousand grams of silicon carbide = 6% 
(untreated PPM A = 1 1 .5%) and the film did not show the 
presence of crazes. 

EXAMPLE 4 

A PMMA plate having a 3 mm thickness was coated 
by spreading with a 10 fim layer with the same mixture 
as in Example 1 . 

In such a case high pressure mercury lanps HPK 
Philips 125 (about 25 W/cm) were adopted for crosslink- 
ing. The spreaded plate was put under such lamps for 
10 minutes at a distance of 10 cm. 
No inhibition from the oxygen occurred and the adhesion 
values, pencil and abrasion resistance (mar resistance) 
are similar to those of Example 1 and the film does not 
show crazes. 

Comparative EXAMPLE 

a) A PMMA plate of a 3 mm thickness was coated 
by spreading with a 10 jtm layer of a mixture con- 
taining 75 parts by weight of trimethylolpropane tri- 
acrylate. 20 parts by weight of pentaerythrite 
triacrylate and 5 parts by weight of benzyldimethyl- 
ketal (radicalic photoinitiator). 

0.3% of acid amorphous silica Syloid ED 30" (Grace 
Chemicals) were introduced into the mixture. 
Theformulation was polymerized with the same pro- 
cedure of Example 1 . 

The crosslinked film showed an optimal adhesion 
and after two days from the spreading and from the 
cross-linking of such film, a pencil hardness = 7 H 
(untreated PMMA = HB) and an haze after the falling 
of 2000 g of silicon carbide = 4.5% (untreated PMMA 
= 11.5%). 

The yellow index higher than the one of an 
untreated PMMA plate (+0.8) and the presence of 
crazes in the film was noticed. 

b) the same coating was crosslinked with the proce- 
dure of example 4. 

The film after 20 minutes was not yet crosslinked 
superficially due to inhibition from the oxygen. 



Claims 

1, Process for preparing shaped articles, plates and 
films based on acrylic thermoplastic polymers, 
5 coated with an antiscratch and abrasion-resistant 
film, consisting in applying on the surface of said arti- 
cle an homogeneous layer of a mixture comprising: 

(A) from 55 to 95% by weight of at least a 
10 (meth)acrylic monomer and/or oligomer having 

at least two polymerizable double bonds. 

B) from 5 to 25% by weight of monomers and/or 

oligomers of divinylethers arxi/or epoxides. 

(G) from 0 to 20% by weight of monofunctional 
15 (meth)acrylic monomers and/or oligomers 

and/or monovinylethers. containing at least a 

polar group, 

(D) from 0.5 to 6 parts by weght for 100 parts 
of (A)+(B)+<C) of a radicalic photoinitiator. 
20 (E) from 0.1 to 3 parts by weight per 100 parts 

of (A)+(B)+(C) of a cationic photoinitiator, 
(F) from 0 to 8 parts by weight per 100 parts of 
(A)-t-(B)+(C) of colloidal silica or hydrophilic col- 
loidal metal oxides. 

25 

with the proviso that the sum of the amounts 
(A)+(B)+(C) is 100. and that when the conponent 
(A) or component (B) does not contain at least a 
polar group the component (C) is always present. 
30 and in submitting the article so coated to UV radia- 
tion at temperatures from 30* to 70'C. 

2. Process according to claim 1 , wherein the thernro- 
plastic acrylic polymers of the article to be coated 
35 are (co)polymers of C1-C4 alkyl esters of 
(meth)acrylic acid or their mixtures with polyvi- 
nylchloride or polyvinylidenefluoride or with acrylic 
elastomers. 

40 3. Process according to claim 1 wherein the thermo- 
plastic acrylic polymer is polymethylmethacrylate. 

4. Process according to claim 1 wherein components 
(A) are monomers and/or oligomers of polyfunc- 

45 tional (meth)acrylates of glycols, polyols. ethoxy- 
lated polyols and of aliphatic urethanes. 

5. Process according to daim 1 . wherein component 
(A) is selected from the group consisting of ure- 

50 thanes poly(meth)acrylates. pentaerythrite triacr- 
ylate. pentaerythrite tetracrylate. dtpentaerythrite 
pentacrylate, 1 ,6-hexandiol diacrylate and tripropyl- 
eneglycol diacrylate. 

55 6. Process according to claim 1 . wherein component 
(A) is aliphatic urethane hexacrylate and/or pentaer- 
ythrite triacrylate in admixture with trimethylolpro- 
pane triacrylate or hexandiol diaaylate. 
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7. Process according to claim 1, wherein component 

(B) is selected from the group consisting of triethyl- 
englycoldivinylether, 1 ,4-cyclohexanedimethanolvi- 
nylether and cycloaliphatic epoxides. 

5 

8. Process according to claim 1 . wherein component 

(C) is selected from the group consisting of hydroxy- 
alkyl(meth)acrylates, carboxyalkylmethacrylates 
and monovinytethers containing at least an hydroxyl 

or carboxyl group. io 

9. Process according to claim 1 , wherein component 
(C) is selected from the group consisting of 2- 
hydroxyethyi(meth)acrylate, 2-hydrQxypro- 
pyt(meth)acrylate. 2-carboxyethylaaylate and i5 
butandiol monovinylether. 

10. Process according to daim 1 , wherein weight ratios 
between corrponent (D) and component (E) of at 
least 2 are used. 20 

11- Process according to claim 1, wherein the UV irra- 
diation is carried out at temperatures from AO"" to 

25 

12. Shaped articles, plates based on thermoplastic 
acrylic polymers, coated with an antiscratch and 
abrasion-resistant film, obtainable by the process 
according to claims from 1 to 11 . 

30 



35 



40 
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